standing cases it may do so, producing thrombi in them or eroding their walls, causing severe and fatal hemorrhage.
"This disease should not be confused . . . with the gangrenous type of chronic ulceration we have previously described in several papers. That disease is caused by the synergistic action of a nonhemolytic microaerophilic streptococcus which may be found in pure culture in the spreading margin of the lesion, and a Staphylococcus aureus which is associated with it in the gangrenous zone which is always present around a part or all of the periphery of the ulcer. The lesion is more superficial. There is no undermining of the skin margins and no sinus formation. The zone of gangrene is surrounded by a raised purple zone, and this in turn by a brilliant zone of erythema."
Fifty-eight cases were found in the more recent literature corresponding to one or the other of Meleney's dinical types. Almost one-half of the cases were reported in the last two years. The majority of patients were between 20 and 60 years of age. Males numbered 39, females 19. Tuberculosis was definitely diagnosed in three cases, positive Wassermann in two. Thirty-six cases followed major operations, distributed as follows: Drainage of appendiceal abscess, 2 1 ; drainage of empyema cavity, 7; drainage of sub-diaphragmatic abscess, 2; hysterectomy, 2; hysterectomy after ectopic pregnancy with pelvic abscess, 1; resection of carcinoma of the sigmoid colon, 1; abdominal sympathectomy, 1; radical mastectomy for breast abscess, 1.
Eleven cases originated in inguinal or axillary nodes involved after minor trauma to the corresponding extremity. The remaining eleven cases resulted from the direct spread of infection at the site of injury, without operative procedures. Of these, six originated in pustules, three in abrasions, one in a puncture wound, and one from a war-wound.
The duration of the disease varied from 14 days to 4X2 years. Death occurred in six cases-from exhaustion, intercurrent pulmonary tuberculosis, suppurative phlebitis, erysipelas, thrombosis of unknown etiolgy, and hemorrhage from an eroded femoral artery, respectively. On the basis of description of the lesion it was found that 25 cases corresponded to the "chronic, non-gangrenous undermining ulcer," and 33 cases to the "gangrenous synergistic ulcer" decribed by Meleney.
Therapy of both types of ulcer has been discouraging. Anti In reviewing the cases of chronic, gangrenous ulcers it is noted that some form of streptococcus was found in all but four of the 20 cases studied bacteriologically. Staphylococcus appeared in all but four of the cases in which streptococcus was found. Meleney, in whose cases the streptococcus was non-hemolytic and grew better anaerobically, was so impressed by the streptococcus-staphylococcus association that he developed the theory that the gangrenous type of ulceration was caused by the synergistic action of this particular streptococcus in conjunction with Staphylococcus aureus. He considered his theory as proved when, on subcutaneous injection in dogs and guinea-pigs, mixed cultures of the two organisms produced more extensive reactions than did pure cultures of either alone. However, he was unable to produce progressive cutaneous ulceration in his experiments, and from his reports one infers that healing occurred in a short time, quite spontaneously.
The evidence presented in the literature as to the role of the various organisms isolated from the gangrenous type of progressive ulcer is not convincing. The lesion is not an extremely common one, the organisms accredited with etiological rOle are common, and, lacking more conclusive evidence in favor of a specific causative organism or combination of organisms, one is forced to consider the probability that a peculiarity of the host may be an equally important etiologic factor.
Twenty-five cases of non-gangrenous, undermining chronic ulceration are reported in the literature. In 24 of these streptococcus was found on bacteriological culture. The streptococcus is stated definitely to be hemolytic in 23 of these cases. Wound cul-tures yielded various combinations of organisms, from streptococcus alone to streptococcus and Endameba histolytica (Cole and Heideman3) , and streptococcus in combination with one or more of the following organisms: Streptococcus viridans, Staphylococcus albus and aureus, Bacillus proteus, Bacillus pyocyaneus, Gram-negative rods, and "Gram-negative anaerobic rods."
In 18 cases the hemolytic streptococcus appeared to grow better when cultured anaerobically, but in seven cases in which no anaerobic growth occurred, streptococcus was recovered by aerobic methods.
In four cases, from the pus in metastatic abscesses, hemolytic streptococcus in pure culture was recovered. In one case of metastatic abscess hemolytic streptococcus was found in conjunction with Staphylococcus aureus.
Because the hemolytic streptococcus was found in pure culture in many instances, Meleney7 believes that the infection is not a synergistic manifestation. He suggests that the etiological agent is probably a microaerophilic hemolytic streptococcus of fecal origin, basing his theory on the fact that many of the ulcers arise around tension sutures or after drainage of appendiceal abscesses; that others have arisen in the inguinal and perineal regions easily contaminated by feces; and that those originating in suppuration of inguinal and axillary lymph nodes have occurred after minor abrasions or wounds in patients whose profession or location at the time of injury would permit contamination with organisms of fecal origin. Apparently he feels that the peculiarity of oxygen requirement is a further evidence of their fecal origin.
Through the courtesy of Dr. Meleney it was possible to compare the characteristics of six cultures of hemolytic streptococci isolated from six cases of non-gangrenous chronic undermining ulcers with cultures isolated from two cases in the New Haven Hospital.
Dr. Paul Boisvert, working with the Lancefield method of grouping in the Department of Pediatrics in the New Haven Hospital, had been kind enough to investigate the antigenic properties of all these streptococci and had found them to belong to Lancefield Group A. Investigation of the sugar fermentation reactions and of the fibrinolytic powers remained.
Sugar fermentation reactions
Each of the ten cultures were transferred from the stock rabbitblood agar slants to blood-agar plates, incubated for 24 hours, and inoculated into sorbitol, trehalose, inulin, salicin, and mannite. Phenol red was used as indicator. in all and was followed daily for four weeks.
lactose, raffinose, 
Comparing the reactions obtained with those of Streptococcus pyogenes, Streptococcus agalactiae, Streptococcus viridans, and Streptococcus faecalis-lactis, it was noted that the sugar fermentation reactions of seven of the cultures were identical and resembled those of Streptococcus pyogenes. Two more, from New York, differed from the seven mentioned in that they produced acid in sorbitol and mannite in addition to trehalose, salicin, and lactose; a reaction typical of none of the four streptococcal groups named, but most nearly approaching Streptococcus viridans and Streptococcus faecalis-lactis. The remaining culture differed from all the rest in that it produced acid in mannite, but failed to do so in salicin.
It is evident that the streptococci studied, though previously shown by serological methods to be of the same group antigenically, were not identical in their sugar fermentation reactions.
Fibrinolysis
The fibrinolytic properties of ten cultures of hemolytic streptococci were studied. Six of these were from six cases of phagedenic ulcer in New York; the remainder were two each from two cases in the New Haven Hospital. Eighteen-hour cultures in sodium
Rarely Usually chloride meat infusion broth, adjusted to pH 7.4, containing .05 per cent dextrose and added 1 per cent peptone broth were used. Plasma, from K., a patient with phagedenic ulcer, and from B., a normal control, was prepared. Of each culture 0.5 cc. was added to two agglutination tubes containing 0.2 cc. of plasma K., previously diluted with 0.8 cc. of sterile normal saline, and to one tube of plasma B. treated in the same way. The tubes were then incubated in a water-bath at 370 C., and examined at intervals of 30 minutes.
Fibrinolysis occurred in all tubes. The time required for complete fibrinolysis in both experimental and control tubes ranged from five minutes to 19 hours. In five tubes the time was identical for control and experimental lysis; in three, lysis in the control tube antedated that in the experimental tube by one hour, by five hours in one, and was 30 minutes later than the experimental tube in one.
Because the fibrinolytic power of a streptococcal strain decreases as time elapses after isolation from the original lesion, comparison of the results obtained with the different strains is not significant except as a possible measure of virulence. However, differences in the same strain when reacting with fibrin from the patient and from a normal control are of significance. If the streptococcus in question were the etiological agent of the chronic, undermining, nongangrenous ulcer, the fibrin-clot of a patient suffering from that condition would be expected to show more resistance to the action of the streptococcus than the fibrin-clot of the normal control. With only one strain was there significant difference in the time of lysis, and that strain was from a different patient. The two strains which showed the weakest fibrinolytic action were two identical strains from New York that also differed from the other eight in their sugar fermentation reactions. Attempt at reproducing phagedenic ulcer by amnal inoculation
The purpose of this experiment was to ascertain the possibility of reproducing in guinea-pigs a lesion characterized by a chronic, undermining, gangrenous ulcer similar to that observed in patients with progressive, post-operative, cutaneous gangrene; to determine, if such a lesion were produced, the flora thereof, and to ascertain what organism (or organisms in symbiotic relationship) might be the etiological agent. Three approaches were decided upon. Material for injection was obtained at operation for wide excision of the border of a rapidly undermining post-thoracotomy gangrene of the skin of G. The lesion closely corresponded to that described by Meleney as caused by a non-hemolytic microaerophilic streptococcus in conjunction with Staphylococcus aureus. A portion of the necrotic and inflamed tissue was placed in the butt of a meat-broth tube, and another portion used to streak two rabbit-blood agar plates, one of which was incubated anaerobically, the other aerobically. Subsequent plates made from the inoculated meatbroth tube revealed the same growth as occurred on the original blood-agar plates, namely, a non-hemolytic streptococcus, a diphtheroid, B. pyocyaneus, and Staphylococcus aureus, which last, when grown anaerobically, showed some hemolytic power.
Experiment I Four guinea-pigs, previously unused for experimental work, were selected. Into the subcutaneous tissues of the abdominal wall was injected 0.5 cc. of the well-mixed content of the 24-hour meatbroth culture. The observations on these animals follow:
Guinea-pig #236 was inoculated on 6-2-37. Twenty-four hours later a depressed, purple area of dry necrosis measuring 2 x 3 mm. was observed at the site of injection, surrounded by a zone of swelling and inflammation 2 cm. in width. The animal was in good condition otherwise. On the 5th day a slough of the central area occurred, leaving a dry-based, punchedout crater 1 cm. in diameter. The margins were indurated, but not markedly inflamed, and at the points about the margins signs of epithelialization could be seen. For the next four days the lesion showed little change, and no spread. Epithelialization from the edges of the crater advanced, however, and by the 16th day healing had taken place, with minimal scarring.
Guinea-pig #239 showed a similar picture. The reaction in guinea-pigs #237 and #238 more nearly approached the lesion seen in man. Sloughing occurred on the 5th and 6th days, leaving a dry crater surrounded by a narrow zone (1 cm.) of induration without erythema. The margins were undermined to an extent of 5 mm. and exuded thin serosanguineous material, and by the 8th day there was definitely purulent exudate under the flaps of the skin, though the central portion of the ulcer base remained dry. However, by the 12th day the undermined edges were seen to be adherent to the base, exudate was absent, and epithelialization had begun. Healing was complete by the 18th day.
In contrast to the lesions in human patients in which there is a steadily advancing border of erythema, followed by a band of necrosis, which in turn is sloughed, it was found that in guinea-pigs, once sloughing had occurred, there was no extension of the ulcer.
Experiment II
Two previously unused guinea-pigs were selected and injected subcutaneously with 0.3 cc. of the well-mixed content of a meatbroth tube into which 24 hours previously had been inoculated 1 cc. each of a pure culture of non-hemolytic streptococcus, Staphylococcus aureus, pyocyaneus, and diphtheroid. An ulceration was caused by the inoculation of mixed pure cultures of the organisms, but the course was much shorter and the lesion differed from those obtained in Experiment I in that they were essentially purulent, not undermining, and healed spontaneously at a much more rapid rate.
Experiment III Four previously unused guinea-pigs were prepared and inoculated: #250 with 1 cc. of non-hemolytic streptococcus, #251 with 1 cc. pyocyaneus culture, #252 with 1 cc. diphtheroid culture, and #253 with 1 cc. of Staphylococcus aureus culture. Twenty-four hours after inoculation #250, #252, and #253 showed areas of edema and redness 1 cm. in diameter over the inoculation site. These disappeared in another 24 hours. In #251 was observed a dry, brown area measuring 3 x 4 cm. in diameter. The lesion was not progressive during the next three days, and the animal died during the night preceding the 5th day.
These experiments are incondusive, except in that they demonstrate our inability to use guinea-pigs as experimental animals in the study of phagedenic ulcer because (1) the lesions were not progressively ulcerative; (2) they healed spontaneously in three weeks. As to the etiological agent, it is clear that a combination of organisms is more noxious than is one alone.
It has been noted by Meleney,10 and emphasized by Churchill2 in his discussion of Holman's paper in 1935 on the phagedenic ulcer, that the disease appears to be related to the amount of subcutaneous fat in the area affected. Pathological examination from cases in the New Haven Hospital points to a relationship. Though there is no outspoken selective fat necrosis, it is observed that in the sections, as one progresses from healthy tissue toward the margin of the ulcer, infiltration of the subcutaneous fat with polymorphonuclear leukocytes is seen, leaving the connective tissue and the outer layers of the skin untouched. These observations led to the question of whether the disease depended upon a specific lipolytic power of a single organism or a symbiotic combination of organisms. It was, therefore, decided to carry out two lines of investigationone, the examination of the effect of organisms on human fat; the other, the trial of swine as experimental animals.
The method of Palmer described for use with butter-fat was adapted for use with human fat. Human fat was obtained from the post-mortem table and melted over boiling water. The liquid fat was then decanted into a flask and allowed to stand for 24 hours in order that the solid impurities might settle. Forty grams of the supernatant fat were then poured into a mucilage made by grinding in a mortar 30 grams of powdered acacia with 50 cc. of distilled water. Distilled water was added with continued grinding until a total volume of one liter of water had been added. Five grams of sodium chloride were added and the solution adjusted to a pH 7.5 by the addition of 1.02 cc. of normal sodium hydroxide using phenol red as indicator. A solution of 3 per cent acacia was made in the same way and adjusted similarly. When 0.5 cc. of brom-thymol blue was added to 10 cc. samples of the two mixtures in identical testtubes set up in the colorimetric block with 10 cc. samples of uncolored mixtures, the color of the two samples, viewed by transmitted light, was identical. Culture tubes were then made up, half with 10 cc. of fat mixture, half with acacia solution, each containing 10 drops of 0.04 per cent brom-thymol blue as indicator. One tube of acacia and one tube of fat-mixture were left colorless for use in the colorimetric block at the end of the experiment. All were autoclaved at 30 pounds pressure for 10 minutes.
Experiment I
Ten pure cultures of hemolytic streptococcus isolated from cases of Meleney's "non-gangrenous" type of phagedenic ulcer were studied. Of each culture 1 cc. was added to one fat suspension and to one acacia-solution tube. After incubation for 48 hours a color change had occurred in all inoculated tubes. In all cases the color change indicated a more acid reaction in the fat suspension tubes than in the control acacia-solution tubes. The sterile tubes incubated simultaneously showed no change in color. From the fact that the fat-suspension tubes showed greater acidity than did the control tubes without fat it was concluded that the change in pH was not entirely the result of hydrolysis of substances in the added broth; that the source of the increase in the hydrogen ion concentration must be in the fat; and that, since the hydrolysis did not occur in the sterile tubes, it was the result of the action of the inoculated hemolytic streptococci.
It was decided, therefore, to ascertain whether lipolysis was a property peculiar to the hemolytic streptococcus isolated from cases of progressive ulceration or whether other organisms from the same source showed similar powers. Five pure cultures of non-hemolytic streptococcus obtained from five cases of Meleney's non-gangrenous type of ulcer, a non-hemolytic streptococcus, a diphtheroid, Staphylococcus aureus, and B. pyocyaneus from a case of the postoperative gangrenous type of ulcer were studied. Three of the non-hemolytic streptococci from the non-gangrenous type of ulcer were not lipolytic, two were. Of the organisms from the gangrenous type of ulcer, Staphylococcus aureus was the only one showing a marked degree of lipolysis in pure culture.
Experiment II
The cultures and media used were the same as in the previous experiment. Inoculation was carried out as before, except that of the total 1 cc. inoculation, 0.5 cc. in each tube was of Staphylococcus aureus, 0.5 cc. one of the remaining organisms. A control of 1 cc. pure culture Staphylococcus aureus was also prepared. The cultures consisted of (1) hemolytic streptococcus isolated from two cases in the New Haven Hospital and one from New York; (2) non-hemolytic streptococcus from one case of gangrenous ulceration from the New Haven Hospital, and from two cases of non-gangrenous ulceration (one from New York, one from New Haven); (3) B. pyocyaneus from a gangrenous ulceration; and (4) the diphtheroid from the same gangrenous ulceration.
Lipolysis occurred in all tubes containing Staphylococcus aureus and hemolytic streptococcus, but was not more marked than with the same volume of either alone. Lipolysis occurred in only one of three tubes containing Staphylococcus aureus and non-hemolytic streptococcus; none in tubes containing Staphylococcus aureus with B. pyocyaneus and the diphtheroid respectively. From these observations it was concluded that definite proof had not been obtained of reciprocal augmentation of lipolytic power by symbiosis.
Experiments similar to that carried out with Staphylococcus aureus were also done with B. pyocyaneus and the diphtheroid cultures. In these, lipolysis was found to occur only in those tubes containing organisms which, by the original experiment, were already known to be lipolytic. Non-lipolytic organisms remained so.
Attempt to reproduce the phagedenic ulcer in a young pig A three-month old pig was injected in the abdominal wall with 1 cc. amounts of 24-hour cultures of hemolytic streptococcus, nonhemolytic streptococcus, Staphylococcus aureus, B. pyocyaneus, and diphtheroid. On the 4th day after injection, abscesses were noted at the site of Staphylococcus aureus injections. These persisted but did not ulcerate. No other lesion was noted.
Five days after the original injections, at a time when it might be reasonably anticipated that serological response would be one of sensitization rather than immunization, mixed cultures of hemolytic and non-hemolytic streptococcus with B. pyocyaneus, Staphylococcus aureus, and the diphtheroid were injected on previously untouched areas. Five days after injection 5 cm. areas of inflammation and induration were noted at the site of both Staphylococcus aureushemolytic streptococcus injections. Further necrosis did not occur, however, though induration persisted for several days. Retention of hemolytic power after one year of aerobic culture After one year of aerobic subculture on artificial media there was no change in the hemolytic power of the streptococci studied.
Summary
Of 58 cases of phagedenic ulcer reviewed in the literature, 25 corresponded to the type described by Meleney as "chronic, nongangrenous undermining ulcers," 33 to Meleney's "synergistic gangrenous type." The age incidence, circumstances of onset, duration, and bacteriology of these cases are reviewed. Meleney's evidence is presented in favor of the synergistic action of a nonhemolytic microaerophilic streptococcus and staphylococcus as the cause of the "synergistic" type, and of a hemolytic microaerophilic streptococcus as the etiological agent in the non-gangrenous type, both probably of fecal origin. It is pointed out that Meleney's evidence appears to be incondusive in view of failure to reproduce typical progressive lesions in experimental animals.
Experimental work is reported on streptococci from eight cases of non-gangrenous ulcer concerning the persistence of hemolytic properties after long subculture, and with reference to the fibrinolytic activity, sugar fermentation reactions, and lipolytic action on human fat. The hemolytic streptococci were proved to be of Lancefield Group A. Of all the organisms studied Staphylococcus aureus showed the most potent lipolytic power. No evidence of synergistic lipolytic increase was obtained.
Unsuccessful attempts were made to reproduce both types of chronic ulcer in the guinea-pig and in swine.
